The physical benefits of resistance exercise training (RET) are well documented, but less is known regarding the association of RET with mental health outcomes. To date, no quantitative synthesis of the antidepressant effects of RET has been conducted.
D epression is a highly prevalent global burden, affecting more than 300 million people worldwide 1 ; is a significant source of absenteeism and disability in the work force 2 ; has an economic burden of approximately $118 billion annually 3 ; and is the most costly mental health disorder in Europe, accounting for 1% of the total gross domestic product. 4 Depressive symptoms are highly comorbid and significantly associated with poor health, 5 including an increased risk of cardiovascular diseases, 6, 7 Alzheimer disease, 8 type 2 diabetes, 9 mortality, 10 and noncompliance with medical treatment.
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Current frontline treatments for depression include medication and psychotherapy. However, for individuals with mild to moderate or severe depression, medication can be expensive, with limited efficacy (d <0.20) . 12, 13 Psychotherapy can be expensive and inaccessible, and previously reported effects may be overestimated owing to publication bias. 14 Moreover, among individuals with depression who are seeking treatment, depressive symptoms persist for approximately 67% after firstline treatment of up to 14 weeks, and at least 30% remain depressed after 4 rounds of distinct 12-week treatments. 15 Thus, there is continued interest in alternative treatments for depression and continued need to compare potential alternative treatments with established treatments. Exercise interventions are promising treatments for depressive symptoms, and these interventions are free from the adverse effects and high costs associated with antidepressant medications and psychotherapy. 16, 17 Exercise interventions also have established benefits for cardiovascular diseases, the leading cause of death among individuals with major depressive disorder. 6 Exercise training improves depressive symptoms among otherwise healthy adults, 18 chronically ill adults, 19 and adults with a depressive disorder. 17 However, the magnitude of the effect remains unclear, as publication bias and flawed inclusion criteria may have resulted in underestimations of the magnitude of exercise effects. 17, 20 The benefits of acute aerobic exercise and aerobic exercise training (AET) for depressive symptoms among otherwise healthy adults and chronically ill adults are well established, 18, 19, 21, 22 but less is known regarding the associations of resistance exercise training (RET) with depressive symptoms. In addition, few trials have included both an RET and an AET arm in the same investigation, limiting direct comparisons between the modalities. Resistance exercise training interventions are generally designed to increase strength, skeletal muscle mass, endurance, and/or power. 23 Evidence has supported significant anxiolytic effects of RET among adults, regardless of their health status, 24 and a previous narrative review supported the antidepressant effects of RET. 25 However, no quantitative synthesis of randomized clinical trials (RCTs) of the antidepressant effect of RET has been conducted. Furthermore, there is a need to identify potential sources of variability in the antidepressant effect of RET, particularly modifiable participant and trial characteristics, to better inform the prescription of RET and future RET interventions. The key objectives of this meta-analysis and metaregression analysis were to estimate the overall association of efficacy of RET with depressive symptoms; determine the extent to which the overall effect varies based on variables of logical, theoretical, and/or prior empirical variables associated with depressive symptoms; and compare the effect of different exercise modes derived from RCTs in which participants were randomized to RET, AET, or a nonactive control condition.
Methods

Data Sources and Searches
This systematic review was conducted in accordance with the PRISMA guidelines. 26 Articles published before August 2017
were identified using Google Scholar, MEDLINE, PsycINFO, PubMed, and Web of Science. Key words used included combinations of strength training, resistance training, and weight training, along with depress*. Supplementary searches of relevant systematic reviews 17, 18, 24, 25, 27 and references within included articles were performed manually.
Study Selection and Inclusion Criteria
Inclusion criteria were peer-reviewed publication, clinical trials, randomized allocation to either an RET intervention or a nonactive control condition, and a validated self-report or clinician-rated measure of depressive symptoms assessed at baseline and at midintervention and/or postintervention. Investigations were excluded that included exercise as part of a multicomponent intervention but did not include the additional component in comparison conditions, and/or compared RET only with an active treatment for depression, including cognitive therapy, pharmacotherapy, relaxation or meditation, and flexibility training. One article 28 was excluded because the depressive outcomes were reported in an earlier included article. 29 eFigure 1 in the Supplement provides a flowchart of article inclusion and exclusion.
Data Extraction
Data were extracted from the included RCTs into an SPSS (SPSS Inc) file by 3 of us (B.R.G., C.P.M., and M.P.H.). The data extracted included the characteristics of the participants and the trials and the associations of exercise with outcomes of logical, theoretical, and/or prior empirical relation to depressive symptoms and/or the associations of RET with depressive symptoms; these included age, sex, physical and mental health status, type of control condition, whether allocation and/or assessment were blinded, duration of exercise program, frequency, session duration, RET intensity, whether or not RET sessions were supervised, whether or not the primary outcome of the trial was depressive symptoms, depressive symptom measure used, and whether or not there was a significant improvement in strength. To calculate total volume of RET prescribed, intervention duration (weeks), weekly frequency (days), and session duration (minutes) were multiplied together.
Study Quality Assessment
Two of us (B.R.G. and M.P.H.) independently assessed trial quality (scored 0-13) using the Detsky scale. 30 This scale was amended to include research design, control condition, randomization and blinding methods, outcome measures, adherence, and characteristics of the exercise intervention.
Higher scores indicated better study quality. The individual scores of each included RCT are presented in eTable 1 in the Supplement.
Effect Size Calculation
To calculate Hedges d effect sizes, the mean change for the control was subtracted from the mean change for RET, and the difference was divided by the pooled baseline SD. 31 Larger reductions in depressive symptoms for RET resulted in positive effect sizes. eTable 2 in the Supplement presents the values used to calculate Hedges d and primary moderator values. Interrater reliability for effect size calculations was examined by calculating 2-way (effects × raters) intraclass correlation coefficients for absolute agreement. The initial intraclass correlation coefficients were greater than 0.90. When means and SDs were not reported, the authors were contacted. When these values could not be provided (k = 5), they were estimated from exact P values reported in the trial, 32 included graphs, 33, 34 or from the largest other study of the same population sample that used the same measure of depressive symptoms, 35, 36 in accordance with common meta-analytic protocols. 37 Discrepancies (eg, values of SDs estimated from included graphs) were resolved by consensus among the investigators involved in the data extraction (B.R.G., C.P.M., and M.P.H.).
Data Synthesis and Analysis
Meta-regression was used for moderator analyses because it reduces the probability of type I error by computing concurrent estimates of independent effects by multiple moderators on the variation in effect size across trials. The mean reduction in depressive symptoms among participants engaging in RET, expressed as a function of absolute risk reduction, was calculated to determine the number needed to treat. 39 The number of unretrieved or unpublished studies of null effect that would diminish the significance of observed effects of P > .05 was estimated as fail-safe N+.
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As a sensitivity analysis, the mean effect was recalculated, extracting single effects from the included RCTs determined by the effect with the maximum dose of RET, and the effect in which the Beck Depression Inventory was used, 41 for homogeneity of results. There were 3 exceptions in which 2 effects remained extracted from single RCTs because these RCTs each contained 2 treatment groups and 2 control groups. 33, 42, 43 To examine publication bias, funnel plot symmetry was examined, Egger regression 44 and Begg rank correlation tests were calculated, 45 and trim and fill analysis adjusting to the left of the mean was performed. 46 Potential outliers, effects substantially larger than most, were also removed, and the mean effect size Δ was recalculated for additional sensitivity analysis.
Primary Moderators
Four primary moderators were selected a priori to provide focused research hypotheses about variation in effect size: total volume of prescribed RET, participant's health status, whether or not allocation and/or assessment was blinded, and whether or not the RET intervention resulted in a significant improvement in strength. Definitions for each primary and secondary moderator and associated levels are presented in eTable 3 in the Supplement.
Primary Moderator Analysis
Each of the 4 primary moderators were coded according to the planned contrasts (P ≤ .05) among its levels. 47 Primary moderators were included in the mixed-effects multiple linear regression analyses with maximum likelihood estimation, adjusting for nonindependence of multiple effects contributed by single studies, baseline depressive symptoms, and the depressive symptom measure. 31, 38 Tests of the regression model (Q R ) and its residual error (Q E ) are reported.
Univariate Meta-regression Analyses
Secondary moderators were selected for exploratory univariate analyses. Random-effects models were used to calculate the mean effect sizes (Δ) and 95% CIs for moderator variables.
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Each secondary moderator was included in random-effects univariate meta-regression analysis with maximum likelihood estimation.
31,38
Results
Study Characteristics
Fifty-four effects were derived from 33 RCTs of 1877 participants (RET group, 947 participants; control group, 930 participants). Table 1 presents the relevant characteristics for each of the included RCTs. 28, [32] [33] [34] [35] [36] 42, 43, Depressive symptoms were the primary outcome in 18 RCTs (k = 37). The mean (SD) Mean Effect Δ, Heterogeneity, and Publication Bias A forest plot of the distribution of effects is presented in the Figure. Forty-eight of the 54 effects (89%) were larger than zero, indicating a reduction in depressive symptoms favoring RET. Twenty effects significantly favored RET. The mean effect size Δ was 0.66 (95% CI, 0.48-0.83; z = 7.35; P < .001). The effect was heterogeneous (total Q = 216.92, df = 53; P < .001; I 2 = 76.0% [95% CI, 72.7%-79.0%]), and sampling error accounted for 32.9% of observed variance. The mean quality score was 10.5 (range, 7-13). The fail-safe number of effects was 1358, indicating that 1358 null effects would be needed to diminish the overall effect to P > .05. Significant Begg rank correlation (Kendall τ = 0.45; P < .001) and Egger regression tests (intercept = -1.34; SE = 0.52; P = .01) indicated significant funnel plot asymmetry (eFigure 2 in the Supplement). Trim and fill analyses did not change the overall effect (Δ = 0.66; 95% CI, 0.48-0.83; 0 RCTs trimmed). The mean reduction in depressive symptoms among participants engaging in RET resulted in a number needed to treat of 4. Three effects substantially larger than most were derived from 1 RCT. 69 The magnitude of these effects appeared to be due partly to greater depressive symptoms among participants who were randomized to the intervention group compared with controls. The mean effect was recalculated with this RCT removed, and the effect remained moderate and significant (Δ = 0.53; 95% CI, 0.38-0.68; z = 7.00; P < .001). Similarly, a nonsignificant reduction in the overall effect was ob- served when calculated with single effects derived from each study (Δ = 0.48; 95% CI, 0.30-0.67; z = 5.08; P < .001).
Primary Moderator Analyses
The overall meta-regression model was significant (Q R =17 . 97 , df =7 ;P = .01; R 2 = 0.30; Q E = 42.57, df = 31; P = .08;
. Blinded allocation and/or assessment of outcomes accounted for significant variation in the antidepressant effects of RET (β = -0.39; z = -2.50; P = .01). Effects were significantly smaller when outcome allocation and/or assessment was blinded (Δ = 0.56; 95% CI, 0.40-0.71) compared with when outcome allocation and/or assessment was not blinded (Δ = 1.07; 95% CI, 0.36-1.78). Total volume of prescribed exercise (β = -0.28; P = .09), significant improvements in strength (β = 0.32; P = .09), and participant's health status (β = -0.23; P = .17) were not significantly related to effect size ( Table 2) .
Univariate Meta-regression Analyses
The results of univariate moderator analyses for the primary and secondary moderators are presented in Table 3 .
Subanalysis Between RET and AET
To facilitate subanalyses between RET and AET, data were extracted from 9 RCTs (k = 17) in which participants were randomized to RET, AET, or a nonactive control condition. 32, 35, 48, 51, [54] [55] [56] 58, 61, 66 Effects were not significantly different for the RET interventions (Δ = 0.64; 95% CI, 0.34-0.93) than for the AET interventions (Δ = 0.46; 95% CI, 0.22-0.70) compared with the control groups (P = .48). When directly comparing the effects of RET with AET (positive effects favoring RET), a small, nonsignificant mean effect Δ favoring RET was found (Δ = 0.15; 95% CI, -0.004 to 0.30; z= 1.91; P = .06).
Discussion
To our knowledge, this is the first meta-analysis to examine RCTs to assess the efficacy of RET on depressive symptoms. Across 33 RCTs, RET was associated with a significant reduction in depressive symptoms regardless of the participants' characteristics (ie, age, sex, and health status) or the features of the RET stimulus (ie, program duration, session duration, intensity, frequency, or total prescribed volume). However, while simultaneously considering the potential variation associated with baseline depressive scores, multiple effects from single RCTs, whether or not strength was significantly improved, total prescribed RET volume, and participant's health status, blinded allocation and/or assessment was significantly associated with the overall effect of RET, such that significantly smaller reductions in depressive symptoms were found when investigators were blinded to allocation and/or assessment. Univariate analyses showed that significantly larger reductions in depressive symptoms were derived from RCTs of participants with scores indicative of mild to moderate depression compared with RCTs of participants without scores indicating mild to moderate depression, and from RCTs of shorter RET sessions (<45 minutes) compared with RCTs featuring longer session durations. In addition, significantly larger reductions were found in fully supervised RCTs compared with RCTs that used combinations of supervised and unsupervised RET, and in RCTs in which the primary outcome was depressive symptoms (Table 3) .
The magnitude of the overall mean effect (Δ = 0.66; 95% CI, 0.48-0.83) is consistent with the association of diverse types of exercise training with depression (pooled standardized mean difference, -0.62; 95% CI, -0.81 to 0.42, with negative scores favoring exercise) 18 and is larger than the recently reported association of RET with anxiety (Δ = 0.31). 24 In addition, the magnitude of the overall mean effect and the magnitude of the effects among important subsamples are consistent with previously reported effects. Specifically, the mean effect for individuals with a physical illness (Δ = 0.34; 95% CI, 0.17-0.52) is consistent with previous evidence of the associations of all types of exercise training with depressive symptoms among adults with a chronic illness (Δ = 0.30; 95% CI, 0.25-0.36) 19 and adults with neurologic disorders (Δ = 0.28; 95% CI, 0.15-0.41).
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The large effect of RET found among adults with depressive symptoms indicative of mild to moderate depression (Δ = 0.90; 95% CI, 0.68-1.11) is consistent with previously reported effects of all exercise modes among people with major depressive disorder (standardized mean difference, 1.11; 95% CI, 0.79-1.43).
17 Twelve RCTs (k = 25) included samples that reported clinically significant elevations in depressive symptoms, based on cutoff scores commonly used for clinical screening. [74] [75] [76] [77] The mean scores for 10 of the 25 effects (40%) suggested potential remission based on a frequently used response threshold of a 50% or greater reduction in baseline scores. 78 The mean percentage reduction from baseline scores for all 25 of these effects was 45%. Moreover, the mean effect for RCTs in which baseline scores were indicative of mild to moderate depression (Δ = 0.90; 95% CI, 0.68-1.12; z= 8.12; P < .001) was significantly larger than effects from RCTs in which baseline scores were below suggested clinical cutoff scores (Δ = 0.45; 95% CI, 0.23-0.67; z = 4.02; P = .03) ( Table 3 ). The larger percentage reduction found from RCTs of participants with elevated depressive symptoms, coupled with the 
Primary Moderators of the Effect
Blinded allocation and/or assessment was independently and significantly associated with reductions in depressive symptoms; smaller reductions occurred in RCTs with blinded allocation and/or assessment (Δ = 0.56; 95% CI, 0.40-0.71). Blinded allocation and assessment of outcomes can limit biases associated with self-reported measures in exercise interventions. [79] [80] [81] Previous reports have demonstrated a reduction in the overall effect of exercise on depression after exclusion of trials that do not adequately blind allocation and/or assessment.
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Blinded allocation and/or assessment is also an indication of intervention quality. 30, 82 Based on the study quality assessment used here, the overall quality of RCTs was high, with a mean score of 10.5 (range, 7-13) on a 13-point scale.
When blinding was removed from the overall quality score, such that the maximum total score was 11, RCTs that reported blinded allocation and/or assessment had significantly higher mean (SD) quality scores (10.0 [1.0]) compared with those without blinded allocation and/or assessment (8.0 [0.9]) (t = 5.82, df = 31; P < .001). Blinded allocation and/or assessment may indicate a higher-quality research design, which may have resulted in smaller effects by providing a more rigorous estimation of the "true" effect of RET on depressive symptoms. Participant's health status, volume of prescribed RET, and whether or not strength was significantly improved were not independently associated with the overall mean reduction in depressive symptoms. These findings are consistent with previous evidence showing that the antidepressant effects of exercise training were not dependent on a significant improvement in fitness.
19 These findings are also consistent with recently reported associations of RET with anxiety.
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Although RET significantly reduced depressive symptoms independent of total prescribed volume of RET, this measure of total volume (intervention length × frequency × session duration) could not be extracted for all RCTs because 8 RCTs (k = 14) did not report the duration of RET sessions. In addition, this measure of total volume did not include the intensity of prescribed RET. Heterogeneous reporting of prescribed intensity did not allow differentiation between lowintensity RET and moderate-intensity RET, necessitating their merger and comparison with vigorous-intensity RET. Only 4 interventions (k =9) 28, 36, 70, 71 were of vigorous intensity. The relationship between RET intensity and strength gains is moderated by participant training status, as moderate-intensity RET improves strength most in untrained participants, and vigorous-intensity RET improves strength most in trained participants. 83 There is a paucity of within-study compari- 
Future Research
In addition, authors should report the mean session duration, the numbers of sets performed, the numbers of repetitions, the lengths of rest periods between sets, and the intensity (eg, the percentages of 1-repetition maximum and the rate of perceived exertion), to more thoroughly assess the total volume of exercise prescribed. Authors should report whether interventions were performed in groups or individually. When exercise sessions are supervised, the efforts made to control for social interaction during sessions should be reported. Future trials should blind allocation, blind assessors from group assignment, explicitly report this process, and state how missing data and dropouts were handled, including explicitly stating if intention-to-treat analyses were conducted. Six RCTs assessed the effects of RET on depressive symptoms in participants with a clinical diagnosis of depression or anxiety, and 8 RCTs assessed depressive symptoms in participants who had scores indicative of moderate depression without an actual diagnosis. More important, individuals who display elevated subclinical depressive or anxiety symptoms are at increased risk of developing clinically significant psychopathologic features. 87 Because participants with baseline scores indicative of mild to moderate depression had significantly larger improvements than those who did not, investigating RET interventions among individuals at different points on the severity spectrum may be particularly interesting.
Limitations
There was a notable lack of clear and complete reporting of intervention design, protocol, data analyses, participant infor- The primary outcome of the study was not depression Abbreviations: GAD, generalized anxiety disorder; RM, repetition maximum; RPE, rate of perceived exer
